Background: Fatigue is a common complaint in multiple sclerosis (MS) and often interferes with daily functioning. Both clinicians and researchers may need to detect high levels of fatigue impact using a time and effort efficient tool. This study evaluates the psychometric properties of a rapid screening instrument for fatigue impact in multiple sclerosis.
Background
In multiple sclerosis, fatigue limits the daily life functioning to a great extent [1] . For example, fatigue is one of the major reasons for unemployment in multiple sclerosis [2] .
The influence of fatigue on performance is commonly quantified by self-report instruments. Several instruments have been developed and evaluated, though no "golden standard" exists. The choice of an instrument mainly depends on the purpose, e.g. Fatigue Severity Scale (FSS) is used to assess the severity of fatigue [3] . Having severe fatigue does not necessarily mean a high degree of limitation in his or her daily life. Inversely, some people with less severe fatigue feel they are enormously limited in their activities. Therefore it is important to search for the most appropriate tool for a particular dimension of fatigue.
In intervention studies evaluating strategies to reduce fatigue (medication, cooling, energy management etc.), one of the inclusion criteria is usually a certain degree of fatigue (impact). The most commonly used instruments for this purpose are the Fatigue Severity Scale or the (Modified) Fatigue Impact Scale. However, the administration of these scales takes some time (10-20 minutes) and they are often used as outcome measures as well.
Visual analogue scales (VAS) are frequently used to assess subjective feelings, like pain and fatigue. However, reports of research evaluating the scientific properties of the scales are sparse [4, 5] . Besides, nearly every VAS is unique when different expressions are used.
We developed three potential visual analogue scales to rapidly assess the impact of fatigue in multiple sclerosis. This study evaluates the reproducibility and the validity of the scales and determines the most appropriate VAS for screening purposes.
Methods

Sample
The study ethics committee of the National MS Centre of Melsbroek approved the study, and informed consent was obtained from all participants.
Out of all in-and outpatients attending the rehabilitation service of the National MS Centre of Melsbroek (Belgium), an electronic randomization assigned 85 individuals with clinically definite MS to the study group. Subjects were included when adequate physical (upper limb) and cognitive functioning was demonstrated. The physical performance was determined by a minimum score of 30 or more on the self-care subscore of the Functional Independence Measure; adequate cognitive functioning was demonstrated by a Rao's neuro-psychological battery [6] of 3 or more. Sixty two individuals met all criteria and were included in the study. Twenty four employees of the centre volunteered as healthy controls, one of them did not perform the second assessment.
Procedure
Three Visual Analogue Scales to assess the impact of fatigue on daily life (VAS_1), on self care activities (VAS_2) and on household and occupation (VAS_3) were developed. The answer line of 100 mm ranges from "no influence at all" to "a lot of influence" (Figure 1 ). The three VAS scales were administered simultaneously with the Modified Fatigue Impact Scale (MFIS), the Fatigue Severity Scale (FSS) and the fatigue subscale of the Guy's Neurological Disability Scale (GNDS), in a random order.
Visual Analogue Scales for the impact of fatigue
The Modified Fatigue Impact Scale assesses the impact of fatigue on daily functioning during the last four weeks. Subjects are requested to indicate the frequency of influence of fatigue in 21 situations (range 0-4), resulting in a total score and three subscores (physical, cognitive and psychosocial subscale) [7] [8] [9] .
In the Fatigue Severity Scale (FSS), individuals have to rate their agreement (range 1-7) with nine statements concerning the severity, frequency and impact of fatigue on daily life [10] .
The Guy's Neurological Disability Scale (GNDS) is a disability measure developed for use in multiple sclerosis; it consists of 12 categories, including fatigue. The fatigue score (range 0-5) is based on the presence and severity of fatigue and its impact during the last four weeks [11, 12] .
Divergent validity was considered with Kurtzke's Expanded Disability Status Scale [13] , the Functional Independence Measure [14] , the neuro-psychological battery of Rao [6, 15] and Zung self-rating depression scale [16] .
To evaluate the reproducibility of the scale, the measurement was repeated within three days in all subjects, at the same time of the day.
Statistical analysis
All results were analyzed using the software package SPSS for Windows Standard Version 13, 2004 . Differences between groups for variables at ordinal level were analyzed with a Mann-Whitney rank sum test. Differences in age were analyzed with t-test. All ordinal correlation analyses were performed with Kendall tau-b; otherwise a Pearson correlation coefficient was used. Reproducibility of the VAS scales was quantified with the intraclass correlation coefficient (ICC), based on one-way analysis of variance for repeated measurements [17] . The differences between mean scores of the two measurements with their 95% confidence interval were calculated.
A Receiver Operating Characteristic (ROC) curve analysis was used to determine the accuracy of the Visual Analogue Scales.
Results were considered statistically significant when p < .05.
Results
Sample characteristics
Demographic and clinical data of the sample are displayed in Table 1 . Patient group and controls did not differ in age and gender distribution, but showed a significant difference in fatigue scores.
Reliability
Of the three visual analogue scales VAS_1 showed the smallest difference in raw scores in repeated assessment after three days ( Figures 2, 3, 4) . The intraclass correlation coefficient confirmed this observation (Table 2) . Considering the total MS sample, the ICC was moderate for all scales, with values ranging between 0.68 and 0.69. In the subjects with better cognitive performance (RAO = 4), the ICC values were similar in all scales. In subjects with a RAO score of 3, the reproducibility of VAS_2 seemed reduced, whereas the other scales showed similar ICC's. Analysis of covariance did not reveal cognition as a covari- ate however. For all visual analogue scales no significant differences in raw scores between groups (RAO = 4 versus RAO = 3) existed.
Validity
VAS_1 correlated low to moderately with all fatigue scales (values ranged from 0.28 to 0.48), whereas the correlation coefficients of VAS_2 and VAS_3 with the other scales did not reach higher levels than 0.37, indicating a weak association (Table 3) . Considering the subscales of the Modified Fatigue Impact Scale (MFIS), mainly the physical subscale accounted for the association with the VAS scales. However, no significant relationships were found between VAS scores and physical performance, assessed with EDSS and the self-care domain of the Functional Independence Measure. Besides, neither of the VAS scores correlated with Zung depression scale or Rao's cognitive battery. Fifty-two percent of the subjects scored more than the mean depression score for depressed psychiatric outpatients (score 51) studied by Zung (1965) [16] . However, no significant differences in VAS scores existed between the non-depressed and depressed group.
Accuracy
The distribution of VAS scores in healthy controls and persons with MS are displayed in Figure 5 . All three scales were able to discriminate between both groups (p < 0.0001); VAS_2 was the strongest tool to classify healthy controls and subjects with MS (see also Additional file 1: Discrimination between healthy controls and subjects with MS: area under the ROC curve).
The subjects with a high level of fatigue were classified in the fatigued group, using the cut-off value 36 of the Fatigue Severity Scale (FSS) described in Flachenecker et al. (2002) . The accuracy of the VAS to correctly classify subjects who are highly fatigued, was considered in an ROC analysis. This analysis revealed that VAS_1 was most appropriate for this purpose, with an area under the curve of .78, whereas this value was .68 for VAS_2 and .71 for VAS_3. A cut-off value on the VAS_1 of 59 displayed 76% sensitivity and 72% specificity to discriminate between fatigued and non-fatigued persons with MS (see Additional file 2: Discrimination between fatigued and nonfatigued subjects with MS: cut-off values). When using the critical value of the Modified Fatigue Impact Scale score to discriminate between persons with high impact of fatigue on their daily life (MFIS > 39) [18] and those with less influence of fatigue, the VAS_1 remained the strongest tool, with 81% sensitivity and 77% specificity at a cut-off value of 59 (see Additional file 3: Discrimination between high and low fatigue impact in subjects with MS: cut-off values).
Difference in VAS_3 scores between first and second assessment Figure 4 Difference in VAS_3 scores between first and second assessment. difference score VAS2 Figures 6 and 7 show the distribution of the scores of all visual analogue scales. In contrast to VAS_2 and VAS_3, VAS_1 was able to discriminate between fatigue (impact) groups without substantial overlap of the interquartile range. However, based on rank scores, differences between groups were statistically significant in all three VAS scales (Mann Whitney U test, p < 0.0001).
Discussion
This study aimed at finding a screening tool to assess rapidly the impact of fatigue on the daily life of subjects with multiple sclerosis. Three visual analogue scales have been developed and evaluated. The VAS that reflects all aspects of daily life (VAS_1) had the highest reproducibility and ability to detect people with high levels of fatigue (impact).
The reproducibility of all scales was moderate (0.68-0.69). Every millimeter of the scale can be considered as one unit of the score, therefore visual analogue scales are sensitive to a large variability. However, the difference in raw VAS_1 scores between the two points of measurement did not exceed 20% in most cases.
The correlations of VAS with other fatigue scales were low to moderate, which implies different dimensions of fatigue being assessed by various fatigue scales. Similar results were reported in other studies [3, 8, 18, 19] . The weak correlation of the cognitive and psychosocial subscales of MFIS with all three VAS scales suggests that the visual analogue scales used in this study reflect the influence of fatigue on physical performance rather than on cognitive and psychosocial abilities. One possible explanation is that one does not always acknowledge the influence of fatigue on cognitive or psychosocial performance and therefore these aspects are not reflected in the VAS scores.
Of the three visual analogue scales, VAS_2 was most useful in discriminating between healthy controls and persons with MS. VAS_2 reflects the influence of fatigue on personal care, which is apparently lower in controls. Every human being experiences fatigue once in a while, but it becomes pathological when it interferes with daily life and certainly with self care. This idea is also generally stated in the definition of the MS Council that describes fatigue as the perception of "a subjective lack of physical and/or mental energy...to interfere with usual and desired activities" (p.2) [7] .
Discrimination between high and low fatigue (impact) within the MS group was most accurate in VAS_1, particularly when MFIS was used to classify subjects. This is expected, of course, for the VAS_1 is a tool to assess the impact of fatigue, which can be different from the severity of fatigue quantified by the FSS. That is, individuals with a similar level of fatigue severity do not necessarily experience similar fatigue impact. Therefore both features should be assessed separately in order to plan intervention strategies. The VAS in this study is developed to detect persons with MS with high fatigue impact and, for example, can be used as inclusion criterion for research purposes. Especially when multiple data are collected (which may provoke fatigue), the proposed VAS has the advantage to provide a rapid impression of the level of fatigue impact. In clinical practice however, a more elaborate Rao: Rao's cognitive battery assessment of fatigue and the impact on daily life should be performed in order to provide a tailor-made intervention.
Although VAS_1 was the strongest scale to discriminate between fatigued and non-fatigued subjects, the difference with the other visual analogue scales was moderate. Additional research with these scales in other MS and control samples is needed to confirm our results.
A major concern in using self-report instruments is the applicability in people with cognitive disabilities. We selected individuals without major cognitive problems. When the subjects without cognitive problems and those with minor difficulties were analyzed separately, we found similar reproducibility rates of the visual analogue scales. Moreover, VAS did not correlate with cognitive performance in this sample.
Despite the high incidence of depression in our sample, VAS scores did not correlate with Zung's depression scale, whereas MFIS showed low correlation (0.3). Depression is often related to fatigue [20] [21] [22] [23] [24] [25] [26] [27] , but the causality of this relationship is not clear. In general, depressed individuals show higher fatigue levels; having disabling fatigue on its turn may culminate in depression. In our sample, no higher VAS-scores were found in the depressed group, Scores of the VAS scales in subjects with low versus high impact of fatigue (based on MFIS) however. These results support the construct validity of the VAS, i.e. assessing the impact of fatigue and not of depression.
A limitation of this study is the use of other self-report instruments (MFIS and FSS) to split the sample in a nonfatigued and a fatigued group. However, it is not straightforward to assess the symptom of fatigue otherwise. Several methods have been proposed to objectively measure fatigue, but these did not -or at best weakly -correlate with perception of the symptom ( [28] [29] [30] [31] [32] . Fatigue probably consists of multiple dimensions (e.g. motor versus cognitive fatigue), that should be assessed by different techniques.
The sample in our study showed a large variability in EDSS scores (ranging from 3 to 8.5), and thus represented the physical performance of the MS population to a great extent. However, subjects in the lower boundaries of the EDSS (0-2.5) were not included due to site bias (only persons attending the rehabilitation centre entered the study). The results of this study can therefore not be generalized to the whole MS population.
Conclusion
The Visual Analogue Scale for assessing the impact of fatigue on daily life (VAS_1) is a moderately reliable, though valid and useful tool to screen rapidly for fatigue impact in multiple sclerosis. A cut-off value of 59 satisfactorily classifies individuals having severe fatigue with a high impact on daily life. In clinical practice, a more comprehensive assessment of fatigue and the impact on daily life is recommended.
